Abstract. Focal adhesion kinase (FAK) expression has been identified as associated with cancer development and metastasis. Autophosphorylation of FAK at tyrosine (Y) 397 (pY397) performs a critical role in tumor cell signaling. However, few studies have evaluated the expression of pY397 FAK in non-small cell lung cancer (NSCLC). In the present study, pY397 FAK expression in NSCLC was investigated using immunohistochemistry. pY397 FAK staining scores were compared between various groups of specimens and the associations between clinical and pathological characteristics were investigated. A Kaplan-Meier survival curve was used to determine the association between pY397 FAK expression and the prognosis of NSCLC patients. The results of the present study revealed that pY397 FAK expression was localized to the cytoplasm of lung cells, and that pY397 FAK was overexpressed in NSCLC tissues, as well as associated metastatic tissues, when compared with the corresponding non-tumor tissues. However, no significant difference was identified between the pY397 FAK expression in primary lesions and lymph node metastases. Furthermore, pY397 FAK staining scores were not found to be associated with the tumor size, gender, degree of differentiation, histotypes, presence of lymph node metastases or survival rate of NSCLC patients. These results indicate that pY397 FAK is involved with the development of NSCLC, but is not a prognostic marker for the disease.
Introduction
Focal adhesion kinase (FAK), a 125 kDa cytoplasmic tyrosine (Y) kinase that is localized in focal contacts, is hypothesized to perform a crucial role in the control of integrin-mediated cellular functions, such as cell invasion, migration, cycle progression and survival (1) (2) (3) . Autophosphorylation of FAK on Y397 (pY397), the most important autophosphorylated site of FAK (4), leads to the activation of FAK and the formation of a multiprotein signaling complex containing FAK at the core (5) . Previous reports have revealed the overexpression of FAK in numerous solid cancers (6) (7) (8) (9) (10) (11) (12) and metastatic tumors (13) (14) (15) . Subsequent studies have also revealed that FAK and phosphorylated FAK (p-FAK) are involved in the carcinogenesis of cancers of the digestive organs (14, 16) . In particular, FAK and p-FAK (pY397 and pY407) expression levels have been found to be closely associated with the differentiation of human colon cancers (17) . In addition, Owen et al (18) demonstrated the importance of pY397 FAK signaling in the promotion of cell spreading and migration, suggesting that the interaction between FAK and effector molecules, which bind to this site presents a key step in these processes (18) (19) (20) . As a result, it was hypothesized that pY397 FAK exhibits an extremely important role during cancer progression.
To the best of our knowledge, only a small number of studies investigating the expression of pY397 FAK in cancer have been performed (17, (21) (22) (23) and no studies investigating the expression of pY397 FAK in non-small cell lung cancer (NSCLC) have been published in the literature. Therefore, the aim of the present study was to analyze the expression of pY397 FAK in NSCLC to investigate the association between pY397 FAK and the development and prognosis of NSCLC. Table I .
Materials and methods

Ethics
Immunohistochemical studies. Immunohistochemical analysis of the paraffin-embedded sections was performed using the PV-9000 kit (Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China) according to the manufacturer's instructions. For antigen retrieval, the sections were autoclaved for 10 min at 121˚C. The sections were then incubated with rabbit polyclonal anti-pY397 FAK primary antibodies (cat no. 07-012; Upstate Biotechnology, Inc., Lake Placid, NY, USA) at a dilution of 1:200 at 4˚C overnight. Two board-certified pathologists scored each tissue section for pY397 FAK expression based on a scoring system (24,25) that measured staining intensity as follows: 0, none; 1, borderline; 2, weak; 3, moderate; and 4, strong. The percentage of positive cells (1-100%), cellular localization (cytoplasm, nucleus, membrane or a combination) and overall distribution (homogeneous or heterogeneous) were also assessed. The expression of pY397 FAK was considered to be strong if the tissue sections exhibited a staining intensity of 3-4 and ≥90% of the cells exhibited positive immunoreactivity, whereas tissue sections exhibiting a staining score of 0-2 with <90% of cells exhibiting positive immunoreactivity were considered to exhibit weak pY397 FAK expression.
Statistical analysis. All statistical analyses were performed using SPSS version 17.0 statistical software (SPSS, Inc., Chicago, IL, USA). The χ 2 test was used to compare the intensity of pY397 FAK immunostaining in the non-tumor lung tissues, primary tumors and the corresponding metastatic tissues. In addition, the association between clinicopathological factors and pY397 FAK expression was analyzed using the χ 2 test. A survival curve was calculated using the Kaplan-Meier product limit estimate, and differences between patient survival times were analyzed using the log-rank method. P<0.05 was considered to indicate a statistically significant difference.
Results
pY397 FAK overexpression in primary NSCLC tumors and corresponding lymph node metastases.
To confirm whether pY397 FAK was involved in the tumorigenesis of NSCLC, immunohistochemical analyses were conducted to analyze pY397 FAK expression in paraffin-embedded specimens obtained from 145 primary carcinomas, 87 corresponding non-tumor lung tissues and 37 lymph node metastases.
Cytoplasmic pY397 FAK expression was observed in NSCLC and non-tumor lung cells. In non-tumor cells, pY397 FAK protein expression was mainly identified in the normal ciliated columnar epithelium of the bronchus, particularly the apical cilia and the basal surface, as well as in the type 2 alveolar epithelial cells (Fig. 1A) . pY397 FAK expression was also identified in non-tumor cells, indicating that FAK autophosphorylation is required for the normal development of cells (26) .
In the matched samples, a total of 86 (59%) tumor tissues and 21 (57%) lymph node metastases exhibited strong pY397 FAK expression, while 87 (100%) non-tumor tissues revealed weak immunostaining (Table II; Fig. 1 ). From these results, a strong level of pY397 FAK expression was identified in primary NSCLC tumors and the associated lymph node metastases compared with non-tumor tissues (P<0.001). No significant difference was identified between the pY397 FAK expression levels of the primary tumors and the associated lymph node metastases (P= 0.778). Notably, the expression of pY397 FAK was increased in precancerous lesions and in situ primary carcinoma lesions compared with normal epithelia (Fig. 1) . These results indicate that pY397 FAK is involved in tumorigenesis, particularly the early development of NSCLC.
Association between pY397 FAK expression and clinicopathological features of NSCLC patients.
To investigate the clinical significance of pY397 FAK in NSCLC, the clinicopathological profiles of patients with and without pY397 FAK overexpression were analyzed, as reported in Table I . No significant differences were identified between pY397 FAK overexpression and patient age, gender, tumor size, differentiation, histotype or lymph node metastasis (P>0.05). In addition, although no significant difference was identified between the five-year recurrence-free survival rate of patients with and without pY397 FAK overexpression (P>0.05), patients with strong pY397 FAK expression exhibited a trend towards shorter survival time (Fig. 2) . These results indicate that pY397 FAK overexpression is not a prognostic marker in NSCLC.
Discussion
FAK, which is activated by phosphorylation of Y397, regulates numerous cellular functions and is critical for cancer progression. FAK overexpression has been observed in various cancers (26) . However, to the best of our knowledge, only a small number of studies have demonstrated an association between FAK phosphorylation on pY397 and cancer using human tissue samples (17, (21) (22) (23) .
In the present study, pY397 FAK expression in NSCLC tissues was analyzed. Strong pY397 FAK expression was identified in the majority of primary cancer tissue samples, as well as metastatic lymph nodes, whereas weak pY397 FAK expression was identified in non-tumor lung tissues. In addition, no significant difference in pY397 FAK expression was identified between primary lesions and lymph node metastases. However, increased pY397 FAK expression was observed in precancerous lesions and in situ primary carcinoma lesions compared with the expression in normal epithelia. These results are consistent with those of previous studies. For example, Madan et al (22) observed no pY397 FAK immunostaining in benign epithelium samples, while strong pY397 FAK staining was observed in all breast carcinoma tissues analyzed. Furthermore, Grisaru-Granovsky et al (27) observed high levels of pY397 FAK expression in invasive ovarian samples, but not in normal ovarian epithelium and Aronsohn et al (28) found that pY397 FAK was overexpressed in laryngeal squamous carcinoma tissues compared with normal squamous epithelium. Madan et al (22) also demonstrated that pY397 FAK overexpression was found to be correlated with malignant transformation, but not the development of invasive tumor properties. By contrast, Carelli et al (29) performed western blot analysis, which demonstrated that pY397 FAK was equally phosphorylated in the neoplastic and non-neoplastic regions of lung cancer tissue. However, the present study hypothesizes that the tissue homogenates analyzed in the study by Carelli et al (29) may have contained a mixture of epithelium and surrounding stromal contaminants. In addition, the sample size used was relatively small. Consequently, these two factors may have affected the expression of pY397 FAK observed in NSCLC tissues. In the present study, the data was obtained from the analysis of 145 NSCLC samples by immunohistochemistry, which may be used to stain the epithelium specifically. The results of the present study indicate that pY397 FAK is involved in the process of malignant transformation, particularly the early stages. However, pY397 FAK was not found to correlate with the metastatic phenotype in NSCLC. Table II . Expression of pY397 FAK in non-tumor tissues, primary NSCLC tissue and lymph node metastases. Table I . Associations between pY397 FAK expression and the clinical and pathological characteristics of 145 non-small cell lung cancer patients. The upregulation of pY397 FAK observed in primary and precancerous lesions indicates that the overexpression of pY397 FAK may be a feature of early stage NSCLC cells. The inhibition of pY397 FAK expression of breast cancer and oral squamous cell carcinoma by TAE226, a FAK inhibitor, was found to significantly suppress the proliferation and caspase-mediated apoptosis (30, 31) , indicating that pY397 FAK may contribute to the malignant transformation of NSCLC by promoting proliferation and suppressing apoptosis. Compared with primary lesions, the lack of change in pY397 FAK expression in the metastatic lymph nodes may predict a completely anchorage-independent phenotype in additional tumor progression, or the lack of change in expression may suggest that certain signals are no longer required while other signals emerge. For example, Slack et al (32) demonstrated that increased FAK expression in combination with pY861 FAK contributed to an increase in the cell motility of prostate cancer cells. However, further studies are required to investigate these findings. Figure 1 . Immunohistochemical analysis of pY397 FAK staining in non-small cell lung cancer and non-tumor tissues using a DM750 microscope (Leica Microsystems GmbH, Wetzlar, Germany). Weak pY397 FAK staining was observed in (A) normal ciliated columnar epithelium of the bronchus and (B) alveolar epithelial cells, while strong pY397 FAK staining was identified in (C) precancerous lesions, (D) carcinoma in situ, (E) primary lesions and (F) lymph node metastases (magnification, x100). DAB staining. FAK, focal adhesion kinase; Y, tyrosine; pY397, phosphorylated Y397. Figure 2 . The association between pY397 FAK expression levels and survival rate of NSCLC patients. Kaplan-Meier analysis revealed that patients with strong pY397 FAK expression exhibited a trend towards a lower five-year recurrence-free survival rate compared with patients with weak expression. However, no significant difference was identified (P>0.05). FAK, focal adhesion kinase; Y, tyrosine; pY397, phosphorylated Y397; NSCLC, non-small cell lung cancer.
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Additionally, in the present study, no association was identified between pY397 FAK expression and clinicopathological factors, including the presence of lymph node metastases and the survival rate, suggesting that pY397 FAK is not a prognostic marker for NSCLC.
In conclusion, the results of the present study indicate that the overexpression of pY397 FAK during NSCLC progression may be involved with the development and maintenance of NSCLC. pY397 FAK positivity does not predict patient outcome, however, its expression may serve as an attractive therapeutic target. In addition, the mechanism of overexpression of pY397 FAK in NSCLC has yet to be clarified.
